AO->A07«  %5A  B0E1N6  AEROSPACE  CO  SEATTLE  WA  BOEING  MILITARY  AIRPL~ETC  F/G  5/1 

AN  EXTENSION  OF  ENGINE  WEIGHT  ESTIMATION  TECHNIQUES  TO  COMPUTE  -^-ETCCU) 
AUG  79  E  ONAT*  F  F  TOlLE  N62269-78-C-0286 

UNCLASSIFIED  NAOC-7S103-60  NL 


1  1 
*8^44 

■ 

J 

— 

✓ 

.... 

- 

1 

>  '  < 

"  ^  • 

A 

L 

i 

- 

-- 

END 

0AT( 

FILMO 

II  -79 

OOC 

P^^htt<ion 


Prtparfd  for 

NAVAL  AIR  SYSTEMS  COMMAND 
D«p«rtm<nt  of  tht  Navy 
Wartiinflton,  D.C.  20360 


AN  EXTENSION  OF  ENGINE  WEIGHT 
ESTIMATION  TECHNIQUES  TO  COMPUTE 
ENGINE  PRODUCTION  COST 


Boeing  Military  Airpjine  Development 
Boeing  Aeroapace  Company 
Seattle,  Washiiwton  98124 


31  August  1979 


FINAL  REPORT 

CONTRACT  NO.  N62269-78-C-0286 


UNLIMITED  DISTRIBUTION 


E.  Onat  and  F.  F.  ToUe 


Raport  No.  NADC  -78103^ 


UNCLASSIFIED 


I  * 


AtriCATION  Of  this  page  (»h»n  Dmim  gnfrad) 


REPORT  DOCUMENTATION  PAGE 


2.  GOVT  ACCESSION  NOJ 


’indSuMili) 


M  EXTENSION  OF  ^GINE  MEIGHT  ESTIMATION  \ 
JfCHNIQUES  TO  COMPUTE  ENGINE  PRODUCTION  gOST^  \ 


& 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


Boei ng  Mi  I i tary  Ai rpl ane  Devel opment  ^ 
P.O.  Box  3707 

Seattle,  Washington  98124 _ 


n.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


NASA  Lewis  Research  Center 
21000  Brookpark  Road 
Cleveland,  Ohio  44135 


14.  monitoring  AGENCY  NAME  A  ADDRESSfK  dillumtl  Iram  CanMilhtt  Olllcm) 

Aircraft  and  Crew  Systems  Technology  Directorate 
Code  6052 

Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 


READ  INSTRUCTIONS 
BEFORE  COMPLETINC  FORM 


»■  RECIPIENT'S  CATALOG  NUMBER 


‘final ^wt^ 


I 


O  COVERED 


6.  PERFORMING  ORG.  REPORT  NUMBER 


CONTRACT  OR  GRANT  NUMBERfcJ 


N62269-78-C->te86|^ 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


NPRC  1939D/XS901 


-  PFPftPTr,-.- 

31  AugM:S979 


IS.  SECURITY  CLASS,  (ol 

UNCLASSIFIED 


ISa.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


IS.  DISTRIBUTION  STATEMENT  (o!  tMm  Raport) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  Iho  abalraci  onltnd  In  Block  30,  II  dlllotonl  Irooi  Report) 


IB.  supplementary  NOTES 


19.  KEY  WORDS  (Conilnuo  on  torotoo  tldo  II  nocoototy  md  Idontlly  by  block  number) 


Engine  Cost 
Engine  Weight 
Computer  Code 
Gas  Turbines 


Aircraft  Propulsion 


20.  ABSTRACT  fConlfny0  on  r«v«r««  clrf*  if  antf  id0fitity  by  block  nuoiO«rJ 

-f  yAs  a  follow-on  to  previously  developed  engine  weight  estimation  work,  a 
preliminary  design  quality  engine  cost  estimating  code  has  been  produced. 
The  code  relies  on  engine  thermodynamic  characteristics  and  weight  as 
computed  by  earlier  developed  codes  to  select  raw  material  types  and 
quantities  required  to  produce  the  engine.  An  existing  Navy  technique 
is  then  used  to  convert  this  data  Into  engine  cost.  The  code  was  used 
to  predict  the  cost  of  three  existing  engines;  errors  ranged  from  1  to  8% 
of  actual  costs  as  reported  to  NADC.  -Rg - 


3 


DD  , 


rORM 
JAN  71 


1473 


EDITION  OF  I  NOV  99  19  OBSOLETE 
J  J  V  _ 


UNCLASSIFIED 


T 


SECURITY  CUMBIFICATiQa 


TABLE  OF  CONTENTS 


LIST  OF  FIGURES 

INTRODUCTION  AND  SUMMARY 

1.1  Introduction 

1.2  Summary 

MATERIALS  USAGE 

2.1  Current  Technology  Material  Classification 

2.1.1  Fans  and  Compressors 

2.1.2  Combustor  (Class  B) 

2.1.3  Turbine  (Class  D) 

2.1.4  Shafts  (Class  A  or  Class  C) 

2.1.5  Ducts  and  Nozzles  (Class  Ti  or  Class  B) 

2.2  Advanced  Technology  Material  Classification 

2.2.1  Fans  and  Compressors  (Class  Ti) 

2.2.2  Turbines  (Class  D) 

2.2.3  Combustors  (Class  B) 

2.2.4  Other  High  Temperature  Materials _ _ _ 

2.3  COST  Computer  Code 

NTI;3  C.^I 

2.4  Program  Validation  ddc  ta!; 

Unor-n  junced 

ic^ticn 


3.0  USER'S  MANUAL 
3.1  "Navy  & 


"Navy  Code"  Program  Structure  - 

3.1.1  Input  Description  and  Format 

3.1.2  Mode  Indicators 

3.1.3  User  Technology  Inputs  .  /^'-iia-d/or 

Dlst  special 

3. 1.3.1  Fan  or  Compressor  a 

3. 1.3. 2  Turbine  JjL 

3. 1.3. 3  Burner  - - 

3. 1.3.4  Nozzle  and  Thrust  Reverser 

3. 1.3. 5  Ducts 


3. 1.3. 2 

3.1. 3. 3 


jL. 


3. 1.3.4 

3. 1.3. 5 


aiwic 


3 


TABLE  OF  CONTENTS  (CONCLUDED) 


PAGE 

3. 1.3.6 

Air  Inverting  Valve  (AIV),  Mixer, 

24 

Heat  Exchanger 

3.1.4 

Navy  Cost  Subroutine  Inputs 

24 

3.2  NASA/COST  Program  Structure 

25 

3.2.1 

Input  Description  and  Format 

25 

3.2.2 

Mode  Indicators 

25 

3.2.3 

User  Technology  Inputs 

29 

3. 2. 3.1 

Fan  and  Compressor 

29 

3. 2. 3. 2 

Turbine 

30 

3. 2. 3. 3 

Burner 

30 

3. 2. 3.4 

Nozzle  and  Thrust  Reverser 

30 

3. 2. 3. 5 

Shaft 

31 

3. 2. 3. 6 

Duct 

31 

3. 2. 3. 7 

AIV,  MIXER,  Heat  Exchanger 

31 

3.2.4 

Navy  Cost 

Subroutine  Inputs 

31 

REFERENCES 

33 

11 


LIST  OF  FIGURES 


1- 1  Maurer  Factor  Correlation  with  COST 

2- 1  Material  Classes  for  Current  Technology  Engines 

2-2  Additional  State-of-the-Art  Material  by  Class 
2-3  Manufacturing  Efficiency 

2-4  Primary  Burner  Output 

2-5  Material  Classification  Output 

2- 6  Program  Results  in  Estimating  Maurer  Factor 

3- 1  Overall  "Navy  Code"  Program  Structure 

3-2  Diagram  of  Subroutine  Connectivity 
3-3  NASA/COST  Overall  Program  Structure 
3-4  Diagram  of  Subroutine  Connectivity 

3-5  User  Input 


I 


I 


) 


► 


» 


9 


» 


I 


» 


» 


» 


I 


1.0  INTRODUCTION  AND  SUMMARY 


1.1  Introduction 

The  COST  computer  code  is  a  preliminary  design  tool  used  to  estimate  the 
production  cost  and  selling  price  of  military  aircraft  gas  turbine 
engines.  Production  cost  does  not  include  overhead  and  profit  (which 
enter  into  engine  selling  price)  which  vary  between  manufacturers;  if 
data  on  overhead  and  profit  is  available,  the  user  can  combine  them  with 
the  COST  product  to  estimate  engine  price.  Often  production  cost 
estimates  alone  will  suffice  to  determine  the  cost  ranking  of  competing 
engine  concepts  in  a  preliminary  design  study. 

COST  first  estimates  the  weight  of  each  major  component  in  the  engine, 
using  the  method  developed  by  the  WATE-2  computer  code  (Ref.  1-1).  The 
WATE-2  technique  determines  the  weight  of  compressors,  burners,  turbines, 
ducts,  frames,  shafts,  and  nozzles  by  a  preliminary  design  approach 
through  consideration  of  thermodynamic  and  mechanical  design  variables 
such  as:  airflow,  pressure  ratio,  maximum  temperature,  material  density, 
stage  loading,  hub  tip  ratio,  and  shaft  mechanical  overspeed  of  each 
component.  These  variables  may  be  determined  from  the  thermodynamic 
cycle  analysis  of  the  engine  or  may  be  input  by  the  user. 

The  estimated  weight  is  transferred  to  cost  estimating  routines  which  are 
based  on  correlations  developed  by  Naval  Air  Development  Center  and  Naval 
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Air  Systems  Command.  The  correlation  parameter  Is  based  on  a  system  of 
classifying  materials  by  similarity  of  applications  In  engines 
(Ref.  1-2).  In  this  procedure,  materials  used  In  Jet  engines  are  placed 
In  one  of  a  total  of  six  relative  cost  categories  having  to  do  with  a 
combination  of  manufacturing  cost  and  raw  materials  cost.  Carbon  steel 
and  aluminum  are  assigned  the  lowest  classification  and  used  as  a 
reference.  High  strength  high  temperature  nickel  cobalt  alloys  which  are 
costly  and  difficult  to  machine  are  placed  In  the  highest  (fifth) 
classification.  Because  of  differences  In  cost  and  machinablllty, 
titanium  alloys  are  assigned  a  separate  (sixth)  classification.  Two 
Indices  are  developed  for  each  material  class,  namely 
0  relative  material  cost 

0  relative  machining  cost. 

The  product  of  these  two  Indices  Is  called  the  "relative  weighting 
factor". 

In  the  cost’ estimation  procedure,  the  estimated  weight  of  each  engine 
component  Is  first  converted  to  raw  material  weight.  A  raw  material 
weight  to  finished  material  weight  scaling  factor,  commonly  referred  to 
as  "Buy/Fly"  ratio,  has  been  estimated  for  each  component  for 
state-of-the-art  and  for  advanced  production  methods.  Raw  material 
weight  Is  then  multiplied  by  the  relative  weighting  factor,  and  the  sum 
of  all  such  component  products  Is  formed.  The  summation  for  all  engine 
components  Is  called  the  "Maurer  factor"  In  the  honor  of  Its  originator, 
R.  J.  Maurer.  The  production  cost  of  the  engine  Is  estimated  by  the 
linear  correlation  (Fig.  1-1)  between  engine  manufacturing  cost  and  the 
Maurer  factor  (Ref.  1-2). 
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The  method  of  calculation  opens  the  possibility  of  computing  component 
costs  by  proportioning  the  component  and  engine  Maurer  factors  and  engine 
cost.  However,  there  is  little  component  cost  data  available  to  confirm 
such  calculations,  so  component  costs  derived  by  this  process  could  be 
substantially  in  error. 


1.2  Summary 

A  method  has  been  developed  to  estimate  the  production  cost  of  aircraft 
gas  turbine  engines.  This  method  consists  of  a  combination  of  a  cost 
estimating  method  (Ref.  1-2  and  1-3)  developed  by  Naval  Air  Development 
Center  and  Naval  Air  Systems  Command  and  WATE-2  (Weight  Analysis  of 
Turbine  Engines,  Ref.  1-1)  developed  by  The  Boeing  Company.  This  method 
is  incorporated  into  a  new  computer  code  called  COST. 
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COST  determines  the  finished  weight  of  each  major  component  in  the 
engine,  and  multiplies  it  by  a  factor  which  varies  with  production 
^  methods  to  produce  an  estimate  of  the  raw  material  weight.  Estimated 

component  raw  material  weight  is  then  multiplied  by  "relative  material 
cost"  and  "relative  machining  cost"  factors;  these  products  are  next 
^  summed  over  all  components  to  arrive  at  the  "Maurer  factor",  (Ref.  1-2, 

1-3).  Finally,  the  Maurer  factor  is  transferred  into  a  cost  estimating 
routine  developed  by  Naval  Air  Development  Center  where  the  production 
^  cost  of  the  engine  is  calculated. 

» 

» 
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2.0  MATERIALS  USAGE 


Reports  from  Naval  Air  Development  Center  (Ref.  1-3),  Sattelle  Columbus 
Laboratories  (Ref.  2-1)  and  Boeing  Propulsion  Data  Files  were  the 
principle  sources  used  to  determine  materials  used  in  major  components  of 
a  jet  engine.  During  the  course  of  analysis,  it  became  apparent  that  two 
classifications  were  required:  one  dealing  with  present  state  of  the  art 
materials,  and  the  other  with  materials  expected  to  be  available  for  use 
in  1985  and  subsequent  years.  The  advanced  materials  list  was  arrived  at 
by  discussions  with  Navy,  NASA,  Army,  and  Air  Force  Material  Development 
Program  Managers  and  by  the  use  of  the  NASA-MATE  (Materials  for  Advanced 
Turbine  Engines  program)  Program  Reviews.  A  review  of  AS7M  materials 
which  find  use  in  turbine  engines  was  conducted.  For  those  materials 
included  in  the  COST  program,  the  output  format  can  be  made  to  list  the 
material  generic  name  and,  where  assigned,  the  ASTM  number. 


2.1  Current  Technology  Material  Classification 

Figure  2-1  presents  the  material  classification  for  current  technology 
materials  and  is  extracted  from  References  1-2  and  1-3.  A  separate 
advanced  materials  classification  presented  later  includes  materials  such 
as  those  produced  by  powder  metallurgy  which  are  not  widely  used  in 
current  aircraft  engines.  Actual  material  selection  for  a  specific 
engine  depends  on  design  factors  such  as  temperature,  cooling,  or 
proprietary  considerations  which  are  refinements  not  possible  in  a 
preliminary  design  tool.  Accordingly  no  specific  materials  are  singled 
out  within  a  particular  material  class. 
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MAJOR  MATERIAL  CLASSES 

CONV 

A 

B 

C 

0 

Tl 

RELATIVE 

MATERIAL 

COST 

1.0 

34 

4-5 

5-7 

7-10 

RELATIVE 

MACHINING 

COST 

1.0 

1.9 

3.1 

4.0 

3.5 

1.5 

MAURER 

FACTOR 

8,7 

14.0 

24.0. 

29.8 

ia5 

TYPICAL 

MATERIALS 

CARBON  STEEL 

321 SS 

ALUMINUM 

A256 

17-4PH 

GREEK  ASCOLOY 

HASTELLOY-X 

HASTELLOY-B 

INCO-706 

INCO-713 

INCO-625 

L-6(S 

WASPALOY 

RENE' 41 
ASTROLOY 

6AL-4V 

6AL-6V-25 

Tl  17 

Figure  2-1  Material  Classes  for  Current  Technology  Engines 
2.1.1  Fans  and  Compressors 

The  engine  component  weight  estimator  selects  either  titanium  or  steel, 
depending  on  stage  inlet  temperature,  and  adjusts  material  density 
accordingly.  This  capability  is  necessary  to  estimate  the  weight  of  a 
high  pressure  compressor  where  the  high  temperatures  in  the  later  stages 
make  it  necessary  to  use  steel  alloys.  The  default  changeover 
temperature  limit  from  titanium  to  steel  is  700of  (371oc).  Some  of 
the  compressor  materials  are  presented  below. 
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Class  Ti  (Titanium  Alloys)  -  These  alloys  are  used  in  stages  where 
the  inlet  temperature  is  below  the  maximum  allowable  temperature 
for  titanium. 

Ti-6AL-4V 

Ti-8AL-lM0-lV 

Ti-679 

Ti-6-2-4-R 


Class  A  (Superalloys)  -  These  alloys  are  used  in  stages  where  the 
inlet  temperature  exceeds  the  allowable  temperature  for  titanium 
alloys. 

Greek  Ascoloy 
Incoloy-901 
Inconel-718 
Waspaloy 
Inconel -X-750 

2.1.2  Combustor  (Class  B) 

The  alloys  used  for  combustors  and  their  liners,  and  for  the  transition 
ducts  connecting  the  combustors  to  the  turbine  inlet  nozzles  are 
formable,  weldable  sheet  alloys.  They  are  capable  of  8,000  to  10,000 
hours  of  operation  in  an  oxidizing  environment  at  average  material 
temperatures  of  1650OF  or  more.  The  alloys  must  be  stable  for  this 
long  time,  high  temperature  service  and  must  have  excellent  thermal 
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fatigue  and  distortion  resistance.  Some  of  the  alloys  used  In  combustors 


Hasten  oy-X 

Hastelloy-B 

Inconel -600 

AISI-310 

AISI-321 

AISI-347 


2.1.3  Turbine  (Class  D) 

The  turbine  section  of  the  gas  turbine  engine  Is  one  of  the  most 
demanding  in  terms  of  material  properties  because  of  the  combination  of 
temperatures  and  stresses.  These  materials  are  either  nickel  base  alloys 
or  carbide  strengthened  cobalt  base  alloys  for  applications  up  to 
2000OF,  and  dispersion  strengthened  materials  above  2000OF.  Some  of 
these  materials  are: 

Rene-41 

Astroloy 

Diskoloy 

Inconel-718 

Udimet-500 


2.1.4  Shafts  (Class  A  or  Class  C 


Shafts  transmit  the  torque  from  the  turbines  to  the  compressor  sections 
of  the  engine.  Therefore  they  must  have  high  fatigue  and  high  yield 
strength  properties.  Depending  on  operating  temperature,  torque  and 
length,  shafts  are  made  of  low  alloy  steels,  CR-MO-V  steels  and 

occasionally  nickel  base  alloys.  Turbine  shafts  require  a  combination  of 


t 


properties  that  Is  difficult  to  get  in  a  single  material.  High  yield  and 
fatigue  strength  are  needed  at  the  cold  end,  anu  high  yield  and  creep 
strength  plus  oxidation  resistance  are  needed  at  the  hot  end.  Materials 
which  afford  a  reasonable  compromise  are 
17-22A 
Inconel  718 
Waspaloy 
A-286 

2.1.5  Ducts  and  Nozzles  (Class  Ti  or  Class  B) 

Titanium,  nickel  base,  and  cobalt  base  alloys  are  choices  for  use  in 
ducts  and  nozzles  depending  on  temperature.  Some  of  these  materials  are: 
Ti-6AL-4V 
Incone 1-600 
AISI-321 
AISI-347 
Nimonic-75 

2.2  Advanced  Technology  Material  Classification 

Research  programs  are  being  conducted  by  both  industry  and  government  for 
the  purpose  of  developing  alloys  with  improved  hot  strength,  better 
micro-structural  stability  after  long  time  exposure  to  high  temperature, 
and  improved  resistance  to  corrosive  and  erosive  attack  by  combustion 
products.  From  a  cost  reduction  standpoint,  new  manufacturing  methods  to 
improve  material  properties  and  to  decrease  scrap  material  loss  are  of 
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great  Importance.  Powder  metallurgy,  as  an  example,  offers  some 
Important  potential  advantages  over  conventional  castings: 

0  reduces  labor  and  material  cost  because  powder  metallurgy 
parts  are  closer  to  finished  size 
0  produces  shapes  with  a  high  degree  of  reproducibility 
0  permits  blending  of  otherwise  incompatible  materials  to 
produce  a  chemically  homogeneous  structure  with  uniform 
mechanical  properties 

0  eliminates  some  processing  steps  such  as  forging 

0  allows  improved  grain  size  and  grain  growth  control  by 

techniques  such  as  the  hot  isostatic  process  (HIP) 

Powder  technology  is  relatively  new  and  little  information  on 
manufacturing  costs  and  material  costs  are  available.  In  the  absence  of 
definitive  data,  the  COST  code  uses  the  same  relative  material  cost  and 
relative  machining  cost  for  advanced  technology  materials  as  are  used  for 
conventional  materials  (Figure  2-1).  However,  the  default  buy/fly  ratio 
for  powder  technology  is  2,  reflecting  near  net  shape  production 
possibilities.  When  relative  material  cost  and  relative  machining  cost 
for  any  of  the  advanced  materials  become  known,  these  values  can  be 
inserted  into  the  code  using  the  user  input  mode. 

2.2.1  Fans  and  Compressors  (Class  Ti) 

Titanium  alloy/powder  metallurgy  compressor  blades,  vanes,  and  disks  are 
under  research.  Some  of  the  advanced  alloys  under  consideration  are: 

Ti-6AL-6V-2SN 

Ti-6-2-1.5-lBISI 

Ti-6-2-2-2-2-SI 

Ti-6AL-2SN-42R-2M0 

10 
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2.2.2  Turbines  (Class  D) 

Superalloy  powders  that  are  shaped  into  turbine  disks  by  hot  isostatic 
t  process,  where  the  powder  is  compressed  under  high  temperature  and  vacuum 

conditions,  show  great  potential  in  cost  savings. 

•  The  controlled  solidification  process  includes  directional  solidification 
of  conventional  alloys  and  single  crystal  growth  techniques.  These 
processes  will  contribute  significantly  to  improved  blade  life  by 

•  eliminating  intercrystalline  cracking,  one  of  the  common  blade  failure 
mechanisms. 

i  Directional  solidification  of  “eutectic"  alloys  is  another  area  of  active 

research,  and  shows  promise  of  turbine  blade  materials  in  which  turbine 
inlet  temperatures  can  be  increased  about  lOOo  to  150OF  as  compared 

•  to  conventional  nickel  base  superalloys.  Some  of  the  turbine  advanced 
materials  under  research  are: 

AF2-1DA 

ft  WA2-20 

TA2-8B 
LDA-204 

ft 

2.2.3  Combustors  (Class  B) 

Some  of  the  advanced  materials  under  consideration  for  combustors  are: 

•  Hastelloy-S 
Hasten  oy-T 
Inconel-617 

»  TD-NiCrAlY 

! 
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2.2.4  Other  High  Temperature  Materials  i 

Intermetallic  alloys,  refractory  metal  alloys  and  ceramics  have  potential 
use  in  Jet  engines,  but  these  materials  and  processes  are  not  included  in 
the  present  COST  code,  because  of  limited  data  on  cost  and  use. 

2.3  COST  Computer  Code 

The  computer  model  follows  the  same  material  classification  presented  in 
References  1-2  and  1-3.  Figure  2-1  presents  the  original  group  of 
materials  used  and  their  corresponding  relative  machining  cost  and 
relative  material  cost  factors.  Additional  state-of-the-art  materials 
have  been  added  to  the  referenced  lists;  the  array  incorporated  into  the 
computer  program,  in  addition  to  the  original  group,  is  shown  in  Figure 


MAJOR  MATERIAL  CLASSES  | 

A 

B 

C 

D 

Tl 

AM  -355 

INCO-901 

RENE -95 

AISI410 

AISI  310 

AISI  347 

IN  586 

TD  NICRAIY 

AISI  4140 

AISI  4340 
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Figure  2-2  Additional  State-of-the-Art  Material  by  Class 


Raw  material  weight  to  finished  part  weight  ratio  Is  referred  to  as  the 
buy/fly  ratio  In  the  computer  model.  Buy/fly  ratios  for  different 
classes  of  materials  were  estimated  from  data  obtained  from  Industry  and 
References  1-3  and  2-4.  A  summary  of  manufacturing  efficiency  (buy/fly 
data)  for  the  selected  material  classes  drawn  from  these  references  Is 
presented  In  Figure  2-3.  After  several  simulations  of  engines  In  the 
Boeing  data  base,  these  buy/fly  ratios  were  felt  to  be  overly 
pessimistic,  and  hence  were  modified.  A  more  representative 
state-of-the-art  buy/fly  value  for  machined  castings  and  forgings  Is  4 
while  for  sheet  material  It  Is  2.  When  the  advanced  technology  mode  Is 
used,  the  powder  manufacturing  method  buy/fly  ratio  Is  2.  These  buy/fly 
values  can  be  modified  by  the  user  as  more  experience  Is  gained  with  the 
model  or  new  processes  are  developed;  In  the  Interim,  COST  default 
buy/fly  values  have  been  set  as  Indicated. 

The  user  has  the  option  to  override  all  the  defaulted  variables  that 
affect  the  Maurer  factor  for  the  component  or  the  total  engine  under 
study.  These  variables  are  buy/fly  ratio,  relative  material  cost,  and 
relative  machining  cost. 

The  COST  output  presents  material  class,  buy/fly  ratio,  raw  material 
weight,  relative  machining  cost,  relative  material  cost,  a  "component" 
Maurer  factor,  and  an  engine  aggregate  Maurer  factor.  A  sample  output 
for  a  primary  burner  Is  presented  In  Figure  2-4.  Material  lists  by  class 
can  be  output  as  a  user  option  (Figure  2-5). 
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Figure  2-4  Primary  Burner  Output 
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Figure  2-5  Material  Classification  Output 


2.4  Program  Validation 

A  contractually  required  verification  of  the  accuracy  of  the  newly 
developed  portion  of  the  code  was  done  by  applying  It  to  three  engines 
and  comparing  the  results  with  Maurer  factors  furnished  by  NAOC.  Results 
of  the  COST  program  estimates  for  these  engines  are  shown  In  Figure  2*6. 
As  can  be  seen,  Maurer  factors  for  the  three  selected  engines  are  within 
the  +10<  accuracy  goal  for  the  program. 


DEVIATION  IN  MAURER  FACTOR  ESTIMATE  (FERCENT) 


3.0  USER'S  MANUAL 


This  section  contains  a  description  of  Input-output  data,  values  of 
typical  Inputs,  and  a  sample  case.  COST  has  been  Incorporated  Into  two 
versions  of  the  earlier  weight  codes  —  the  engine  component  analysis 
"Navy  Stand  Alone"  program  and  the  "NASA-Navy  Engine  Program"  (Ref.  3-1), 

The  overall  program  structures  modified  to  Incorporate  cost  estimation 
are  shown  In  the  flow  charts  presented  In  the  sections  for  the  two 
different  programs.  The  COST/Navy  Stand  Alone  code  will  be  referred  to 
as  the  NAVY/COST  code,  and  the  NASA -Lewis  code  will  be  referred  to  as 
NASA/COST. 

3.1  "Navy  Code"  Program  Structure 

The  overall  program  structure  and  connectivity  to  the  earlier  engine 
component  analysis  code  (WTINTR)  are  shown  In  Figures  3-1  and  3-2. 


ENGINE  COMPONENT  ANALYSIS 

WEIGHT 

MAURER 

FACTOR 

& 

COST  DATA 


FIGURE  3-1  OVERALL  "NAVY  CODE"  PROGRAM  STRUCTURE 


3.1.1  Input  Description  and  Format 

For  users  of  this  version  of  the  cost  code,  reference  must  be  made  to  the 
NADC  Engine  Performance  Group  for  input  format  and  methods  of  running  the 
engine  component  analysis  code  (WTINTR).  The  following  comments  describe 
inputs  to  WTINTR  which  are  required  to  run  NAVY/COST. 


3.1.2  Mode  Indicators 
0  MODE  =  0 
=  1 
=  2 

=  3 
=  4 


Do  not  do  MAURER  factor  calculation 

Current  technology  default  values 

Advanced  technology  default  values 

User  technology  utilizing  user  inputs 

Current  technology  default  values  and  list  current  and 

advanced  materials  by  material  classification 


0  MODE  1 


=  0  Long  output 

=  1  Short  output  -  component  MAURER  factor  and  cumulative 
MAURER  factor 


0 


MODE  2 


=  0  Do  not  execute  Navy  cost  routine 
=  1  Execute  Navy  cost  routine 


3.1.3  User  Technology  Inputs 

The  user  has  the  option  to  input  certain  of  the  following  variables  depending 
on  the  component  that  is  being  simulated. 


HDBFR 


HDMTLF 


HDMANF 


3. 1.3.1 


Buy/Fly  ratio 
Material  cost  factor 
Manufacturing  cost  factor 

Buy/Fly  ratio  for  fan,  compressor  and  turbine  stages 
that  require  different  material  because  of  high 
temperature 


Material  cost  factor  for  fan,  compressor  and  turbine 
stages  that  require  different  material  because  of  high 
temperature 

Manufacturing  cost  factor  for  fan,  compressor  and 
turbine  stages  that  require  different  material  because 
of  high  temperature 


Fan  or  Compressor 

The  user  selectable  variables  are  listed  for  the  major 
items  in  the  low  temperature  rotating  elements  of  the 
engine. 


Blades  and  Vanes 

BFR,  MTLF,  MANF,  HDBFR,  HDMTLF,  HDMANF 
Disks 

BFR,  MTLF,  MANF,  HDBFR,  HDMTLF,  HDMANF 


BFR,  MTLF,  MANF 
Miscellaneous 
BFR,  MTLF,  MANF 


22 


s 


5 


V 


$ 
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3. 1.3. 2  Turbine 

The  user  selectable  variables  for  the  turbines  of  the  engine  are: 

Blades  and  Vanes 

BFR,  MTLF,  MANF,  HDBFR,  HDMTLF,  HDMANF 
Disks 

BFR,  MTLF,  MANF,  HDBFR,  HDMTLF,  HDMANF 
Case 

BFR,  MTLF,  MANF 
Miscellaneous 

BFR,  MTLF,  MANF  ' 

3. 1.3.3  Burner 

The  user  selectable  variables  for  the  combustor  and  high  turbine 
nozzle  are: 

Case  and  Linings 
BFR,  MTLF,  MANF 

3. 1.3. 4  Nozzle  and  Thrust  Reverser 

The  user  selectable  variables  for  the  engine  nozzle  components  are: 

BFR,  MTLF,  MANF 

3. 1.3. 5  Ducts 

The  user  selectable  variables  for  the  various  engine  ducts  are: 


BFR,  MTLF,  MANF 
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3. 1.3. 6  Air  Inverting  Valve  (AIV).  Mixer,  Heat  Exchanger 

The  user  selectable  variables  for  these  special  purpose  engine 
elements  are: 


I 


I 


» 


I 


BFR,  MTLF,  MANF 

3.1.4  Navy  Cost  Subroutine  Inputs 

Entries  and  typical  values  are  presented  in  the  following  arrays. 


Enter 

A,  B,  CURVE,  OHDI,  PROFIT 

VARIABLE  DESCRIPTION  TYPICAL  VALUE 

A  Slope  of  MAURER  curve  1.875 

B  Intercept  of  MAURER  factor  curve  48296 

CURVE  Learning  curve  0.90 

OHDI  Manufacturers  overhead  rate  .12 

PROFIT  Manufacturers  profit  .10 


NYRl,  NYR2 

Beginning  and  end  of  production  ie  1,  10  means  10  years  of  production 

Qd).  0(2).  Etc. 

Quantity  produced  each  production  year;  i.e.,  100,  100  means  100  units  during 
first  and  second  production  year. 


•I 


; 
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3.2  NASA/COST  Program  Structure 

The  overall  program  structure  and  connectivity  are  shown  in  the  Figures  3-3 
and  3-4.  In  order  to  execute  the  program,  it  is  first  necessary  to  run  NNEP 
to  generate  thermodynamic  data  and  subsequently  enter  WATE  II  inputs  as 
described  in  Reference  1-1,  and  to  additionally  enter  COST  inputs  as  described 
below. 

3.2.1  Input  Description  and  Format 

The  COST  inputs  are  free-field  format  (NAMELIST),  and  begin  in  column  2. 

There  is  no  specified  order  to  the  inputs.  Figure  3-5  shows  the  WATE2/C0ST 
input  set  for  a  typical  case. 

3.2.2  Mode  Indicators 

0  MODEC  =  0  Do  not  calculate  MAURER  FACTOR 

*  1  Current  technology  default  values 
=  2  Advanced  technology  default  values 
=  3  User  technology  utilizing  user  inputs 
=  4  Current  technology  default  values  and  material 
classification  list 

0  MODECl  s  0  Long  output 

=  1  Short  output-component  MAURER  factor  and  cumulative 
MAURER  factor 

0  ICOST  ■  0  Do  not  execute  Navy  cost  routine 

■  1  Execute  Navy  cost  routine 


Figure  3-3  NASA/COST  Overall  Program  Structure 
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3.2.3  User  Technology  Inputs 


DECOST  (6, 

18)  is  a  NAMELIST  array.  The  input  variables  are  defined  as 

VARIABLE 

DESCRIPTION 

BFR 

Buy/Fly  ratio 

MTLF 

Material  cost  factor 

MANF 

Manufacturing  cost  factor 

HDBFR 

Buy/Fly  ratio  for  fan,  compressor  and  turbine  stages  that 

require  different  material  because  of  high  temperature 

HDMTLF 

Material  cost  factor  for  fan,  compressor  and  turbine  stages 

that  require  different  material  because  of  high  temperature 

HDMANF 

Manufacturing  cost  factor  for  fan,  compressor  and  turbine 

stage  that  require  different  material  because  of  high 

temperature 

3. 2. 3.1  Fan  and  Compressor 


ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

(1.1)  - 

(6,1) 

Blade  and  Vane 

BFR,  MTLF,  MANF,  HOBFR 

HDMTLF,  HDMANF 

(1.2)  - 

(6,2) 

Disk 

(1.3)  - 

(3,3) 

Case 

BFR,  MTLF,  MANF 

(1.4)  - 

(3,4) 

Misc 
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3. 2. 3. 2  Turbine 

ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

1 

(1.5)  -  (6,5) 

Blade  and  Nozzle 

BFR,  MTLF,  MANF 

HDMTLF,  HDMANF 

(1.6)  -  (6.6) 

Disk 

i 

(1.7)  -  (3.7) 

Case 

BFR,  MTLF,  MANF 

(1.8)  -  (3.8) 

Misc 

» 

3. 2. 3. 3  Burner 

ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

1 

(1.9)  -  (3.9) 

Case  and  Lining 

BFR,  MTLF,  MANF 

(1.10)  -  (3.10) 

Nozzle 

» 

3. 2. 3.4  Nozzle  and  Thrust  Reverser 

> 

» 

ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

(1.11)  -  (3.11) 

Nozzle 

BFR.  MTLF,  MANF 

• 

(4.11)  -  (6.11) 

High  Temp  Nozzle 

(1.12)  -  (3,12) 

Thrust  Reverser 

BFR,  MTLF,  MANF 

(4,12)  -  (6,12) 

High  Temp  Thrust  Reverser 
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3. 2. 3. 5  Shaft 


ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

(1,13)  -  (3,13) 

Shaft 

BFR,  MTLF,  MANF 

3. 2. 3. 6  Duct 

ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

(1,14)  -  (3,14) 

Duct 

BFR,  MTLF,  MANF 

(4,14)  -  (6,  14) 

High  Temp  Duct 

BFR,  MTLF,  MANF 

3. 2. 3. 7  AIV.  MIXER.  Heat  Exchanger 

ARRAY  LOCATION 

DESCRIPTION 

VARIABLE 

(1,15)  -  (3,15) 

AIV,  MIXER  or  Heat  Exchanger 

BFR,  MTLF,  MANF 

Array  locations  (1,16)  through  (6,16)  are  for  future  use. 

3.2.4  Navy  Cost  Subroutine  Inputs 

0  IC0ST1(2)  Is  a  NAMELIST  Array 

ICOSTl(l)  and  IC0ST1(2)  are  total  production  time  Indicators 
Example  Total  production  time  >  10  years 
ICOSTl(l)  -  1,10 


DECOSTI(IO)  is  a  NAMELIST  Array 
DECOSTI(l)  =  Slope  of  MAURER  factor  curve  (1.875  TYP) 
DEC0STI(2)  =  Intercept  of  MAURER  factor  curve  (48296  TYP) 
DECOSTIO)  *  Learning  curve  (.90  TYP) 

DEC0STI(4)  =  Manufacturers  overhead  rate  (.12  TYP) 
DEC0STI(5)  =  Manufacturers  profit  (.10  TYP) 
DEC0STI(6)-(10)  =  For  future  use 

DEC0ST(20)  is  a  NAMELIST  Array 

DECOST(l)  through  DEC0ST(20)  =  Yearly  production  rates. 
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